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ZONE MONITORING SYSTEMS AND
METHODS FOR A ZONING SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority from and the benefit of
U.S. Provisional Application Ser. No. 62/898,446, entitled

“ZONE MONITORING SYSTEMS AND METHODS FOR
A ZONING SYSTEM,” filed Sep. 10, 2019, which 1s herein

incorporated by reference 1n 1ts enftirety for all purposes.

BACKGROUND

This section 1s intended to introduce the reader to various
aspects of art that may be related to various aspects of the
present techniques, which are described and/or claimed
below. This discussion 1s believed to be helpiul 1n providing
the reader with background information to facilitate a better
understanding of the various aspects of the present disclo-
sure. Accordingly, 1t should be understood that these state-
ments are to be read 1n this light and not as an admission of
any kind.

A heating, ventilation, and/or air conditioning (HVAC)
system may be used to control certain environmental param-
cters, such as temperature and humidity, within a building,
home, or other structure. A zoned HVAC system generally
includes dampers disposed within ductwork of an air distri-
bution system of a building. The dampers cooperate to
regulate air flow within the ductwork and to direct and
redirect air to specific areas or zones of the building based
on a demand for conditioned air in each of the zones.
Accordingly, the zoned HVAC system may deliver suitably
conditioned air to particular zones of the building in order to
adequately achieve and/or approach designated set points for
the environmental parameters of these zones.

In many cases, environmental parameters within certain
of the zones may fluctuate considerably during operation of
the zoned HVAC system. For example, zones located near a
frequently traversed entrance or exit of the building may
experience temporary variations 1n temperature and/or
humidity that are relatively large, as unconditioned ambient
alr may enter such zones each time an occupant enters or
exits the zone. Unfortunately, conventional zoned HVAC
systems may adjust operation of certain HVAC components
inefliciently 1n response to such tluctuations 1n environmen-
tal parameters that are detected within certain zones of the
building.

SUMMARY

The present disclosure relates to a control system for a
heating, ventilation, and/or air conditioning (HVAC) system.
The control system includes a user interface configured to
receive a first mput indicative of a first expected operating,
range ol a first parameter 1 a first zone and to receive a
second mnput indicative of a second expected operating range
ol a second parameter 1 a second zone. A first set point for
the first parameter 1s within the first expected operating
range and a second set point for the second parameter 1s
within the second expected operating range. The control
system also includes a controller configured to manage
operation ol the HVAC system for the first zone and the
second zone based on the first set point and the second set
point, respectively. The controller 1s configured to receive
the first input and the second 1nput via the user interface and
to operate an alert system of the HVAC system to provide a
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2

first alert 1n response to the first parameter being outside of
the first expected operating range and to provide a second

alert 1n response to the second parameter being outside of the
second expected operating range.

The present disclosure also relates to a heating, ventila-
tion, and/or air conditioning (HVAC) system that includes a
controller configured to recerve a first input indicative of a
set point for an environmental parameter of a zone of a
plurality of zones. The controller 1s also configured to
receive a second input indicative of an expected operating
range for the environmental parameter of the zone. The
controller 1s further configured to manage operation of the
HVAC system to condition the zone upon receiving feed-
back indicating that the environmental parameter deviates
from a target operating range of the environmental param-
cter, where the set point 1s nested within the target operating
range, and the target operating range 1s nested withun the
expected operating range. The controller 1s further config-
ured to manage an alert system of the HVAC system to
provide an alert 1n response to the environmental parameter
being outside of the expected operating range.

The present disclosure also relates to a control system for
a zoned heating, ventilation, and/or air conditioning (HVAC)
system including a plurality of zones. The control system
includes a controller configured to receive a first nput
indicative ol a first expected operating range for a first
environmental parameter of a first zone of the plurality of
zones, where a first set point for the first environmental
parameter 1s within the first expected operating range. The
controller 1s also configured to receive a second 1nput
indicative of a second expected operating range for a second
environmental parameter of a second zone of the plurality of
zones, wherein a second set point for the second environ-
mental parameter 1s within the second expected operating
range. The controller 1s further configured to operate the
HVAC system to condition the first zone and the second
zone based on the first set point and the second set point,
respectively. The controller 1s further configured to operate
an alert system of the HVAC system to provide a first alert
in response to the first environmental parameter being
outside of the first expected operating range and to provide
a second alert i response to the second environmental
parameter being outside of the second expected operating
range.

BRIEF DESCRIPTION OF THE DRAWINGS

Various aspects of this disclosure may be better under-
stood upon reading the following detailed description and
upon reference to the drawings in which:

FIG. 1 1s a perspective view of an embodiment of a
building that may utilize a heating, ventilation, and/or air
conditioning (HVAC) system 1n a commercial setting, in
accordance with an aspect of the present disclosure;

FIG. 2 1s a perspective view ol an embodiment of a
packaged HVAC umt of the HVAC system of FIG. 1, mn
accordance with an aspect of the present disclosure;

FIG. 3 1s a perspective view of an embodiment of a split,
residential HVAC system, 1n accordance with an aspect of
the present disclosure;

FIG. 4 1s a schematic diagram of an embodiment of a
vapor compression system that may be used in an HVAC
system, 1n accordance with an aspect of the present disclo-
sure;

FIG. 5 1s a block diagram of an embodiment of a control
system that may be used to control a zoned HVAC system,
in accordance with an aspect of the present disclosure;
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FIG. 6 1s a schematic diagram of an embodiment of a
building having HVAC equipment that may be controlled by

a control system, 1n accordance with an aspect of the present
disclosure;

FIG. 7 1s a flow diagram of an embodiment of a process 3
for populating zoning profiles of a control system of a zoned
HVAC system, 1n accordance with an aspect of the present
disclosure:

FIG. 8 15 a flow diagram of an embodiment of a process
for operating a control system of a zoned HVAC system, 1n
accordance with an aspect of the present disclosure;

FI1G. 9 1s an 1llustration of an embodiment of a screen of
a graphical user interface that may be used to facilitate
operation of a control system of a zoned HVAC system, 1n
accordance with an aspect of the present disclosure;

FIG. 10 1s an 1llustration of an embodiment of a screen of
a graphical user interface that may be used to facilitate
operation of a control system of a zoned HVAC system, 1n
accordance with an aspect of the present disclosure; and

FIG. 11 1s an illustration of an embodiment of a screen of 20
a graphical user interface that may be used to facilitate
operation ol a control system of a zoned HVAC system, 1n
accordance with an aspect of the present disclosure.

10

15

DETAILED DESCRIPTION

25

One or more specific embodiments of the present disclo-
sure will be described below. These described embodiments
are only examples of the presently disclosed techniques.
Additionally, 1n an effort to provide a concise description of 30
these embodiments, all features of an actual implementation
may not be described in the specification. It should be
appreciated that in the development of any such actual
implementation, as 1 any engineering or design project,
numerous implementation-specific decisions must be made
to achieve the developers’ specific goals, such as compli-
ance with system-related and business-related constraints,
which may vary from one implementation to another. More-
over, 1t should be appreciated that such a development effort
might be complex and time consuming, but would never-
theless be a routine undertaking of design, fabrication, and
manufacture for those of ordinary skill having the benefit of
this disclosure.

When introducing elements of various embodiments of
the present disclosure, the articles “a,” “an,” and “the” are
intended to mean that there are one or more of the elements.
The terms “comprising,” “including,” and “having” are
intended to be inclusive and mean that there may be addi-
tional elements other than the listed elements. Additionally,
it should be understood that references to “one embodiment™
or “an embodiment” of the present disclosure are not
intended to be interpreted as excluding the existence of
additional embodiments that also incorporate the recited
features.

Certain HVAC systems may include zoned HVAC sys-
tems configured to concurrently regulate separate environ-
mental parameters within a plurality of separate spaces or
rooms ol a building or other structure. These previously-
designated spaces, rooms, or groups thereol may form zones
of the zoned HVAC system. Zoned HVAC systems often
utilize a control system to control the operation of various air
conditioning devices and/or equipment that enables the
independent adjustment of environmental parameters within
cach of the zones. For example, the control system may
include a zone controller that 1s configured to adjust devices
of the zoned HVAC system to regulate and/or maintain a

respective air temperature and/or humidity level within each
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4

zone at a desired setting or within a desired range. Accord-
ingly, the zone controller enables the individual manage-
ment of environmental parameters within each of the zones.

As briefly discussed above, temporary air exchange with
an outside, ambient environment may cause temporary
variations ol environmental parameters 1 certain zones of
the building. For example, certain of the zones may include
and/or may be positioned near a doorway of the building that
enables occupants to enter or exit the building via a door.
Accordingly, each time occupants open the door to enter or
exit the building, a flow of unconditioned outside air may
enter the zone having the doorway. In some cases, environ-
mental parameters of the outside air may be different than
target set points for the environmental parameters within the
zones. For example, a temperature and/or a humidity of the
outside air may be greater than or less than a target tem-
perature set point and a target humidity set point, respec-
tively, of the zones. As such, outdoor air entering certain
zones via the doorway may cause environmental parameters
within these zones to temporarily deviate from their corre-
sponding target set points until the zoned HVAC system 1s
able to re-condition the air within these zones. Unifortu-
nately, conventional HVAC control systems may inaccu-
rately determine that the zoned HVAC system 1s experienc-
ing a fault condition or an abnormality in operation upon
detecting such deviations in the environmental parameters
within the zones. Moreover, conventional HVAC control
systems may adjust operation of certain HVAC components
in a manner that does not improve efliciency of the zoned
HVAC system 1n response to inaccurate identification of
such a fault condition.

It 1s now recognized that enabling environmental param-
cters within certain zones to fluctuate within an expected
operating range without indicating occurrence of a fault
condition may enable more eflicient operation of a zoned
HVAC system. More specifically, 1t 1s now recognized that
enabling tailored adjustment of expected operating ranges
for environmental parameters within various zones, based
on a predicted variance of the environmental parameters
within these zones, may mitigate generation of inadvertent
or unfounded fault conditions that may adversely ailect
clliciency of the zoned HVAC system.

Accordingly, embodiments of the present disclosure are
directed to a control system that enables customized desig-
nation ol expected operating ranges for environmental
parameters within various zones of a building. In particular,
the control system may include a user interface that enables
a user, such as an occupant of the building, to specily
expected operating ranges for the environmental parameters
within each of the zones. For example, the control system
may enable the user to specily first, relatively large expected
operating ranges for environmental parameters within a first
zone, which may be located proximate to a doorway of the
building and expected to receive ntermittent flows of
unconditioned outside air. Conversely, the user interface
may enable the user to specily second, relatively small
expected operating ranges for environmental parameters
within a second zone that 1s located distal to the doorway
and expected to have relatively constant environmental
parameters during operation of the zoned HVAC system.
The control system may be configured to monitor the
environmental parameters within each of the zones and to
generate an alert 11 the environmental parameters within one
or more of the zones deviate from their corresponding
expected operating ranges. As such, the control system may
enable environmental parameters within the first zone to
fluctuate within the first, relatively large expected operating
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ranges prior to generating an alert, while enabling environ-
mental parameters within the second zone to fluctuate within
the second, relatively small expected operating ranges prior
to generating an alert. In this manner, the control system
does not generate superfluous and/or faulty alerts for zones,
such as the first zone, in which environmental parameters are
expected to fluctuate more considerably than other zones of
the building, such as the second zone. That 1s, the control
system may not generate an alert for zones in which rela-
tively large deviations in environmental parameters are
common and expected to occur. These and other features
will be described below with reference to the drawings.

Turning now to the drawings, FIG. 1 illustrates an
embodiment of a heating, ventilation, and/or air condition-
ing (HVAC) system for environmental management that
may employ one or more HVAC units. As used herein, an
HVAC system includes any number of components config-
ured to enable regulation of parameters related to climate
characteristics, such as temperature, humidity, air flow,
pressure, air quality, and so forth. For example, an “HVAC
system’ as used herein 1s defined as conventionally under-
stood and as further described herein. Components or parts
of an “HVAC system”™ may include, but are not limited to,
all, some of, or individual parts such as a heat exchanger, a
heater, an air flow control device, such as a fan, a sensor
configured to detect a climate characteristic or operating
parameter, a filter, a control device configured to regulate
operation of an HVAC system component, a component
configured to enable regulation of climate characteristics, or
a combination thereof. An “HVAC system™ 1s a system
configured to provide such functions as heating, cooling,
ventilation, dehumidification, pressurization, refrigeration,
filtration, or any combination thereof. The embodiments
described herein may be utilized i a variety of applications
to control climate characteristics, such as residential, com-
mercial, industrial, transportation, or other applications
where climate control 1s desired.

In the illustrated embodiment, a building 10 1s air condi-
tioned by a system that includes an HVAC unit 12. The
building 10 may be a commercial structure or a residential
structure. As shown, the HVAC unit 12 1s disposed on the
roof of the building 10; however, the HVAC unit 12 may be
located 1n other equipment rooms or areas adjacent the
building 10. The HVAC unit 12 may be a single package unit

contaiming other equipment, such as a blower, integrated air

handler, and/or auxiliary heating unit. In other embodiments,
the HVAC unit 12 may be part of a split HVAC system, such
as the system shown 1n FIG. 3, which includes an outdoor
HVAC unit 38 and an mdoor HVAC unit 56.

The HVAC unit 12 1s an air cooled device that implements
a relrigeration cycle to provide conditioned air to the build-
ing 10. Specifically, the HVAC unmit 12 may include one or
more heat exchangers across which an air flow 1s passed to
condition the air flow before the air flow 1s supplied to the
building. In the illustrated embodiment, the HVAC unit 12
1s a rooftop umt (RTU) that conditions a supply air stream,
such as environmental air and/or a return air flow from the
building 10. After the HVAC unit 12 conditions the air, the
air 1s supplied to the building 10 via ductwork 14 extending
throughout the building 10 from the HVAC umt 12. For
example, the ductwork 14 may extend to various individual
floors or other sections of the building 10. In certain embodi-
ments, the HVAC unit 12 may be a heat pump that provides
both heating and cooling to the building with one refrigera-

tion circuit configured to operate 1n different modes. In other
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embodiments, the HVAC unmit 12 may include one or more
refrigeration circuits for cooling an air stream and a furnace
for heating the air stream.

A control device 16, one type of which may be a ther-
mostat, may be used to designate the temperature of the
conditioned air. The control device 16 also may be used to
control the flow of air through the ductwork 14. For
example, the control device 16 may be used to regulate
operation of one or more components of the HVAC unit 12
or other components, such as dampers and fans, within the
building 10 that may control tflow of air through and/or from
the ductwork 14. In some embodiments, other devices may
be 1included 1n the system, such as pressure and/or tempera-
ture transducers or switches that sense the temperatures and
pressures ol the supply air, return air, and so forth. More-
over, the control device 16 may include computer systems
that are integrated with or separate ifrom other building
control or monitoring systems, and even systems that are
remote from the building 10.

FIG. 2 1s a perspective view of an embodiment of the
HVAC unit 12. In the illustrated embodiment, the HVAC
unit 12 1s a single package unit that may include one or more
independent refrigeration circuits and components that are
tested, charged, wired, piped, and ready for installation. The
HVAC unit 12 may provide a variety of heating and/or
cooling functions, such as cooling only, heating only, cool-
ing with electric heat, cooling with dehumidification, cool-
ing with gas heat, or cooling with a heat pump. As described
above, the HVAC unit 12 may directly cool and/or heat an
air stream provided to the building 10 to condition a space
in the building 10.

As shown 1n the illustrated embodiment of FIG. 2, a
cabinet 24 encloses the HVAC unit 12 and provides struc-
tural support and protection to the internal components from
environmental and other contaminants. In some embodi-
ments, the cabinet 24 may be constructed of galvanized steel
and 1nsulated with aluminum foil faced 1nsulation. Rails 26
may be joined to the bottom perimeter of the cabinet 24 and
provide a foundation for the HVAC unit 12. In certain
embodiments, the rails 26 may provide access for a forklift
and/or overhead rnigging to facilitate installation and/or
removal of the HVAC unit 12. In some embodiments, the
rails 26 may {it into “curbs’ on the roof to enable the HVAC
unmit 12 to provide air to the ductwork 14 from the bottom of
the HVAC unit 12 while blocking elements such as rain from
leaking into the building 10.

The HVAC unit 12 includes heat exchangers 28 and 30 1n
fluid communication with one or more refrigeration circuits.
Tubes within the heat exchangers 28 and 30 may circulate
refrigerant, such as R-410A, through the heat exchangers 28
and 30. The tubes may be of various types, such as multi-
channel tubes, conventional copper or aluminum tubing, and
so forth. Together, the heat exchangers 28 and 30 may
implement a thermal cycle 1n which the refrigerant under-
goes phase changes and/or temperature changes as it tlows
through the heat exchangers 28 and 30 to produce heated
and/or cooled air. For example, the heat exchanger 28 may
function as a condenser where heat 1s released from the
refrigerant to ambient air, and the heat exchanger 30 may
function as an evaporator where the refrigerant absorbs heat
to cool an air stream. In other embodiments, the HVAC unit
12 may operate 1n a heat pump mode where the roles of the
heat exchangers 28 and 30 may be reversed. That 1s, the heat
exchanger 28 may function as an evaporator and the heat
exchanger 30 may function as a condenser. In further
embodiments, the HVAC unit 12 may include a furnace for
heating the air stream that 1s supplied to the building 10.
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While the illustrated embodiment of FIG. 2 shows the
HVAC unit 12 having two of the heat exchangers 28 and 30,
in other embodiments, the HVAC unit 12 may include one
heat exchanger or more than two heat exchangers.

The heat exchanger 30 1s located within a compartment 31
that separates the heat exchanger 30 from the heat exchanger
28. Fans 32 draw air from the environment through the heat
exchanger 28. Air may be heated and/or cooled as the air
flows through the heat exchanger 28 before being released
back to the environment surrounding the rooftop unit 12. A
blower assembly 34, powered by a motor 36, draws air
through the heat exchanger 30 to heat or cool the air. The
heated or cooled air may be directed to the building 10 by
the ductwork 14, which may be connected to the HVAC unit
12. Belore flowing through the heat exchanger 30, the
conditioned air flows through one or more filters 38 that may
remove particulates and contaminants from the air. In certain
embodiments, the filters 38 may be disposed on the air
intake side of the heat exchanger 30 to prevent contaminants
from contacting the heat exchanger 30.

The HVAC unit 12 also may include other equipment for
implementing the thermal cycle. Compressors 42 increase
the pressure and temperature of the refrigerant before the
reirigerant enters the heat exchanger 28. The compressors 42
may be any suitable type of compressors, such as scroll
COMPressors, rotary compressors, SCrew COmpressors, or
reciprocating compressors. In some embodiments, the com-
pressors 42 may include a pair of hermetic direct drive
compressors arranged 1 a dual stage configuration 44.
However, in other embodiments, any number of the com-
pressors 42 may be provided to achieve various stages of
heating and/or cooling. As may be appreciated, additional
equipment and devices may be included in the HVAC unit
12, such as a solid-core filter drier, a drain pan, a disconnect
switch, an economizer, pressure switches, phase monitors,
and humidity sensors, among other things.

The HVAC unit 12 may recerve power through a terminal
block 46. For example, a high voltage power source may be
connected to the terminal block 46 to power the equipment.
The operation of the HVAC unit 12 may be governed or
regulated by a control board 48. The control board 48 may
include control circuitry connected to a thermostat, sensors,
and alarms. One or more of these components may be
referred to herein separately or collectively as the control
device 16. The control circuitry may be configured to control
operation of the equipment, provide alarms, and monitor
safety switches. Wiring 49 may connect the control board 48
and the terminal block 46 to the equipment of the HVAC unit
12.

FI1G. 3 1llustrates a residential heating and cooling system
50, also 1n accordance with present techniques. The resi-
dential heating and cooling system 50 may provide heated
and cooled air to a residential structure, as well as provide
outside air for ventilation and provide improved indoor air
quality (IAQ) through devices such as ultraviolet lights and
air filters. In the illustrated embodiment, the residential
heating and cooling system 50 1s a split HVAC system. In
general, a residence 32 conditioned by a split HVAC system
may include refrigerant conduits 54 that operatively couple
the indoor unit 56 to the outdoor unit 58. The 1ndoor unit 56
may be positioned 1n a utility room, an attic, a basement, and
so forth. The outdoor unit 58 1s typically situated adjacent to
a side of residence 52 and 1s covered by a shroud to protect
the system components and to prevent leaves and other
debris or contaminants from entering the umt. The refriger-
ant conduits 54 transfer refrigerant between the indoor unit
56 and the outdoor unit 58, typically transierring primarily
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liquid refrigerant 1n one direction and primarily vaporized
refrigerant 1n an opposite direction.

When the system shown 1n FIG. 3 1s operating as an air
conditioner, a heat exchanger 60 in the outdoor unit 58
serves as a condenser for re-condensing vaporized refriger-
ant flowing from the indoor unit 56 to the outdoor unit 58 via
one of the refrigerant conduits 54. In these applications, a
heat exchanger 62 of the indoor unit functions as an evapo-
rator. Specifically, the heat exchanger 62 receives liquid
refrigerant, which may be expanded by an expansion device,
and evaporates the refrigerant before returning i1t to the
outdoor unit 38.

The outdoor unit 58 draws environmental air through the
heat exchanger 60 using a fan 64 and expels the air above the
outdoor unit 58. When operating as an air conditioner, the air
1s heated by the heat exchanger 60 within the outdoor unit
58 and exits the unit at a temperature higher than 1t entered.
The indoor unit 56 includes a blower or fan 66 that directs
air through or across the indoor heat exchanger 62, where
the air 1s cooled when the system i1s operating in air
conditioning mode. Thereafter, the air 1s passed through
ductwork 68 that directs the air to the residence 52. The
overall system operates to maintain a desired temperature as
set by a system controller. When the temperature sensed
inside the residence 52 i1s higher than the set point on the
thermostat, or a set point plus a small amount, the residential
heating and cooling system 50 may become operative to
refrigerate additional air for circulation through the resi-
dence 52. When the temperature reaches the set point, or a
set point minus a small amount, the residential heating and
cooling system 350 may stop the refrigeration cycle tempo-
rarily.

The residential heating and cooling system 30 may also
operate as a heat pump. When operating as a heat pump, the
roles of heat exchangers 60 and 62 are reversed. That 1s, the
heat exchanger 60 of the outdoor unit 58 will serve as an
evaporator to evaporate relfrigerant and thereby cool air
entering the outdoor unit 58 as the air passes over outdoor
the heat exchanger 60. The indoor heat exchanger 62 will
receive a stream of air blown over 1t and will heat the air by
condensing the refrigerant.

In some embodiments, the indoor unit 56 may include a
furnace system 70. For example, the indoor unit 56 may
include the furnace system 70 when the residential heating
and cooling system 50 1s not configured to operate as a heat
pump. The furnace system 70 may include a burner assem-
bly and heat exchanger, among other components, 1nside the
indoor unit 56. Fuel 1s provided to the burner assembly of the
furnace 70 where it 1s mixed with air and combusted to form
combustion products. The combustion products may pass
through tubes or piping in a heat exchanger, separate from
heat exchanger 62, such that air directed by the blower 66
passes over the tubes or pipes and extracts heat from the
combustion products. The heated air may then be routed
from the furnace system 70 to the ductwork 68 for heating
the residence 52.

FIG. 4 1s an embodiment of a vapor compression system
72 that can be used 1n any of the systems described above.
The vapor compression system 72 may circulate a refriger-
ant through a circuit starting with a compressor 74. The
circuit may also include a condenser 76, an expansion
valve(s) or device(s) 78, and an evaporator 80. The vapor
compression system 72 may further include a control panel
82 that has an analog to digital (A/D) converter 84, a
microprocessor 86, a non-volatile memory 88, and/or an
interface board 90. The control panel 82 and 1ts components
may function to regulate operation of the vapor compression
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system 72 based on feedback from an operator, from sensors
of the vapor compression system 72 that detect operating
conditions, and so forth.

In some embodiments, the vapor compression system 72
may use one or more of a variable speed drive (VSDs) 92,
a motor 94, the compressor 74, the condenser 76, the
expansion valve or device 78, and/or the evaporator 80. The
motor 94 may drive the compressor 74 and may be powered
by the variable speed drive (VSD) 92. The VSD 92 receives
alternating current (AC) power having a particular fixed line
voltage and fixed line frequency from an AC power source,
and provides power having a variable voltage and frequency
to the motor 94. In other embodiments, the motor 94 may be
powered directly from an AC or direct current (DC) power
source. The motor 94 may include any type of electric motor
that can be powered by a VSD or directly from an AC or DC
power source, such as a switched reluctance motor, an
induction motor, an electronically commutated permanent
magnet motor, or another suitable motor.

The compressor 74 compresses a refrigerant vapor and
delivers the vapor to the condenser 76 through a discharge
passage. In some embodiments, the compressor 74 may be
a centrifugal compressor. The refrigerant vapor delivered by
the compressor 74 to the condenser 76 may transfer heat to
a tluid passing across the condenser 76, such as ambient or
environmental air 96. The refrigerant vapor may condense to
a reifrigerant liquid 1n the condenser 76 as a result of thermal
heat transfer with the environmental air 96. The lLiquid
refrigerant from the condenser 76 may flow through the
expansion device 78 to the evaporator 80.

The liquid refrigerant delivered to the evaporator 80 may
absorb heat from another air stream, such as a supply air
stream 98 provided to the building 10 or the residence 52.
For example, the supply air stream 98 may include ambient
or environmental air, return air from a building, or a com-
bination of the two. The liquid refrigerant 1n the evaporator
80 may undergo a phase change from the liquid refrigerant
to a refrigerant vapor. In this manner, the evaporator 80 may
reduce the temperature of the supply air stream 98 wvia
thermal heat transfer with the refrigerant. Thereatter, the
vapor refrigerant exits the evaporator 80 and returns to the
compressor 74 by a suction line to complete the cycle.

In some embodiments, the vapor compression system 72
may further include a reheat coil 1n addition to the evapo-
rator 80. For example, the reheat coill may be positioned
downstream of the evaporator relative to the supply air
stream 98 and may reheat the supply air stream 98 when the
supply air stream 98 1s overcooled to remove humidity from
the supply air stream 98 before the supply air stream 98 1s
directed to the building 10 or the residence 52.

It should be appreciated that any of the features described
herein may be incorporated with the HVAC umt 12, the
residential heating and cooling system 30, or other HVAC
systems. Addltlonally, while the features disclosed herein
are described in the context of embodiments that directly
heat and cool a supply air stream provided to a building or
other load, embodiments of the present disclosure may be
applicable to other HVAC systems as well. For example, the
features described herein may be applied to mechanical
cooling systems, free cooling systems, chiller systems, or
other heat pump or relfrigeration applications.

The description above with reference to FIGS. 1-4 1s
intended to be illustrative of the context of the present
disclosure. Accordingly, 1t should be noted that the embodi-
ments of the present disclosure may include features of the
description above. As will be discussed in more detail below,
embodiments of the present disclosure include a zoned
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HVAC system having a control system, such as the control
device 16, which enables designation of customizable
expected operating ranges for environmental parameters
within various zones of a building. The control system
disclosed herein 1s configured to monitor the environmental
parameters within each of the zones and includes an alert
system that 1s configured to generate an alert 1f the respective
environmental parameters within the zones deviate from
their corresponding, designated expected operating ranges.

With the foregoing in mind, FIG. 5 1s a block diagram of
an embodiment of a control system 102 that may be con-
figured to operate any of the HVAC systems of FIGS. 1-4 or
any other suitable zoned HVAC system associated with the
building 10 or another structure. In the 1llustrated embodi-
ment, the control system 102 includes a zone controller 104,
a display device 106, which may be an input device, and one
or more control devices 108, which may be configured to
cooperatively control HVAC equipment 110 of an HVAC
system. As discussed in detail below, the control devices 108
may include thermostats, humidistats, air quality sensors,
and/or any other suitable sensors or devices configured to
provide feedback to the zone controller 104 indicative of
various environmental parameters within respective zones
of the building 10. The HVAC equipment 110 may include
one or more dampers, louvers, or other suitable flow regu-
lation devices that are configured to control airflow into or
out of particular zones of the HVAC system. Additionally or
alternatively, the HVAC equipment 110 may include a
compressor of the HVAC system, one or more fans or
blowers of the HVAC system, and/or any other suitable
components of the HVAC system that may be controlled or
adjusted by the zone controller 104.

The zone controller 104 includes a processor 112 and a
memory device 114. The processor 112 may be used to
execute software, such as software for providing commands
and/or data to the control system 102, and so forth. More-
over, the processor 112 may include multiple microproces-
SOrs, one or more “‘general-purpose” miCroprocessors, one or
more special-purpose microprocessors, and/or one or more
application specific integrated circuits (ASICS), or some
combination thereof. For example, upon installation of the
soltware or other executable instructions on the processor
112, the processor 112 may become a special purpose
processor configured to improve operation of the processor
112, operation of an HVAC system, and/or operation of the
control system 102 using the techniques described herein. In
some embodiments, the processor 112 may include one or
more reduced instruction set (RISC) processors. The
memory device 114 may include a volatile memory, such as
RAM, and/or a nonvolatile memory, such as ROM. The
memory device 114 may store a variety of information and
may be used for various purposes. For example, the memory
device 114 may store processor-executable instructions for
the processor 112 to execute, such as instructions for pro-
viding commands and/or data to the control system 102
and/or to components of an HVAC system associated with
the control system 102.

As described 1n detail below, 1n certain embodiments, the
processor 112 may generate and display a graphical user
interface (GUI) on the display device 106. The GUI enables
an occupant, an installer or service technician, or another
user to input commands 1nto the control system 102 and to
control operation of the control system 102. In some
embodiments, the display device 106 may be a component
ol the zone controller 104, a component of one of the control
devices 108, or a control panel screen of an HVAC unait. In
other embodiments, the display device 106 may be an
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external device communicatively coupled to the control
system 102. For example, the display device 106 may be a
tablet, a mobile device, such as a cellular phone, a laptop
computer, a personal computer, a wearable device, and/or
the like. The display device 106 may be commumnicatively
coupled to the components of the control system 102 via
various wired and/or wired communication devices or tech-
niques.

For example, the zone controller 104, the display device
106, the control devices 108, and/or certain of the HVAC
equipment 110 may each have a communication component
that facilitates wired or wireless communication between the
zone controller 104, the display device 106, the control
devices 108, and/or the HVAC equipment 110 via a network.
Accordingly, individual components of the control system
102 may communicate with one another via the network.
The communication components may include a network
interface that enables the zone controller 104, the display
device 106, the control devices 108, and/or the HVAC
equipment 110 to communicate via various protocols such as
EtherNet/IP, ControlNet, DeviceNet, or any other commu-
nication network protocol. Alternatively, the communication
components may enable the zone controller 104, the display
device 106, the control devices 108, and/or the HVAC
equipment 110 to communicate via various wireless com-
munication protocols such as Wi-Fi, mobile telecommuni-
cations technology, Bluetooth®, near-field communications
technology, and the like. As such, the zone controller 104,
the display device 106, the control devices 108, and/or the
HVAC equipment 110 may wirelessly communicate data
between each other.

The control system 102 may include an alert system 118
that, as discussed below, 1s configured to provide an alert to
the user 1n response to feedback acquired by one or more of
the control devices 108. In particular, the alert system 118
may push an alert or other notification to the user, such as via
a user interface, 1f environmental parameters within a par-
ticular zone deviate from expected operating ranges associ-
ated with the environmental parameters of the particular
zone. In some embodiments, the alert system 118 may be
integrated with the zone controller 104, the display device
106, or the control devices 108. For example, software or
instructions that iitiate and/or govern operation of the alert
system 118 may be stored on the memory 114 of the zone
controller 104. In other embodiments, the alert system 118
may be a separate component that 1s commumicatively
coupled to the zone controller 104 using any of the afore-
mentioned communication techniques. As discussed below,
the alert system 118 may be configured to selectively display
the alert on a portable device of the user, such as a cellular
phone of the user. Moreover, the alert system 118 may be
configured to provide the alert to a service center or a
supplier associated with the HVAC system.

FIG. 6 1s a schematic of an embodiment of the building 10
serviced by the control system 102. As shown 1n the 1llus-
trated embodiment, the building 10 includes a first zone 120,
a second zone 122, a third zone 124, and a fourth zone 126,
which are collectively referred to herein as zones 128. In
some embodiments, each of the zones 128 may be associated
with a respective room or space within the building 10.
However, 1t should be understood that, in other embodi-
ments, each of the zones 128 may include 1, 2, 3, 4, 5, 6, or
more than six rooms. The control devices 108 may include
a first control device 130, a second control device 132, a
third control device 134, and a fourth control device 136,
which are respectively positioned within and/or associated
with the first zone 120, the second zone 122, the third zone
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124, and the fourth zone 126. Accordingly, the control
devices 108 may individually monitor respective environ-
mental parameters, such as temperature, humidity, and/or air
quality, within each of the zones 128.

The zones 128 may be supplied with conditioned air
generated by an HVAC system 138. It should be appreciated
that the HVAC system 138 may include any of the HVAC
systems ol FIGS. 1-4 or any other suitable HVAC system.
The HVAC system 138 includes the HVAC equipment 110,
which enables the HVAC system 138 to generate and supply
conditioned air to one or more of the zones 128. More
specifically, the HVAC equipment 110 enables the HVAC
system 138 to concurrently regulate climate parameters
within each of the zones 128 of the building 10 via supply
or other regulation of air flow to, within, and/or from the
zones 128.

For example, 1n some embodiments, the HVAC equip-
ment 110 may include a first damper set 140, a second
damper set 142, a third damper set 144, and a fourth damper
set 146, which are respectively associated with the first zone
120, the second zone 122, the third zone 124, and the fourth
zone 126. The first, second, third, and fourth damper sets
140, 142, 144, and 146 may be fluidly coupled to the HVAC
system 138 via an air distribution system, such as a system
of ductwork, which enables the damper sets 140, 142, 144,
146 to control a flow rate of conditioned air supplied to the
zones 128 and a tlow rate of return air drawn from the zones
128 via the HVAC system 138. Indeed, 1t should be under-
stood that the first damper set 140, the second damper set
142, the third damper set 144, and the fourth damper set 146
may each include one or more supply air dampers and/or one
or more return air dampers.

As noted above, the zone controller 104 may be commu-
nicatively coupled to the control devices 108 to enable the
zone controller 104 to monitor and/or regulate a tempera-
ture, humadity, air quality, and/or other environmental
parameters within each of the zones 128 based on feedback
received from the control devices 108. For example, the
zone controller 104 may be configured to adjust a tlow rate
of conditioned air that 1s supplied to the zones 128 via the
HVAC system 138 based on temperature measurements
acquired by the control devices 108. In some embodiments,
an occupant or resident of the building 10 may nput a
desired target temperature set point of the first zone 120
using, for example, the first control device 130. The first
control device 130 may determine whether a current or
measured temperature within the first zone 120 1s within a
threshold range of the target temperature set point of the first
zone 120. If the current temperature within the first zone 120
deviates from the target temperature set point of the first
zone 120 by a threshold amount, the first control device 130
may send a call for heating or cooling to the zone controller
104. In response, the zone controller 104 may adjust a
position the first damper set 140 to increase or decrease a
flow rate of conditioned air supplied to the first zone 120 via
the HVAC system 138 or may adjust other HVAC compo-
nents of the HVAC system 138 to facilitate conditioning of
the first zone 120.

For example, in embodiments where the HVAC system
138 1s operating 1n a cooling mode and the current tempera-
ture within the first zone 120 exceeds the target temperature
set point of the first zone 120 by the threshold amount, the
first control device 130 may send a call for cooling to the
zone controller 104. In response, the zone controller 104
may 1nstruct the first damper set 140 to transition to an open
position, or to a partially open position, thereby initiating
and/or 1ncreasing a flow of conditioned air or cooled air to




US 11,506,410 B2

13

the first zone 120. Accordingly, the HVAC system 138 may
gradually reduce the current temperature within the first
zone 120, such that the current temperature may approach
the target temperature set point of the first zone 120. In
accordance with the techniques described herein, the zone
controller 104 may similarly control operation of the second,
third, and fourth damper sets 142, 144, and 146 to regulate
air flow conditioned by the HVAC system 138 and supplied
to the second, third, and fourth zones 122, 124 and 126. In
this manner, the zone controller 104 may ensure that a
current temperature within each of the zones 128 remains
within a threshold range, referred to herein as a target
operating range, ol respective target temperature set points
of the zones 128. As an example, 1n some embodiments, the
target operating range for a temperature within one of the
zones 128 may be indicative of temperatures that are within
one degree Fahrenheit above and within one degree Fahr-
enheit below a corresponding target temperature set point of
that zone 128.

It should be understood that the control system 102 may
operate the HVAC system 138 1n accordance with the
techniques discussed above to maintain other environmental
parameters, such as humidity and/or air quality, of the zones
128 within respective target operating ranges of these envi-
ronmental parameters. That 1s, the control system 102 may
be configured to adjust operation of the HVAC system 138
to maintain a humidity level of each of the zones 128 within
a target operating range of a corresponding target humidity
set point. Moreover, the control system 102 may be config-
ured to adjust operation of the HVAC system 138 to main-
tain an air quality level of each of the zones 128 within a
target operating range of a corresponding target air quality
set point. For example, to regulate an air quality within
certain of the zones 128, the zone controller 104 may adjust
a quantity of outside air that 1s drawn 1nto the HVAC system
138 and supplied to the zones 128.

In some embodiments, 1t may be beneficial to provide a
user of the HVAC system 138 with an alert 11 an environ-
mental parameter within one of the zones 128 deviates from
a corresponding target operating range of the environmental
parameter by a threshold amount. In other words, 1t may be
beneficial to provide the user with an alert if an environ-
mental parameter within a zone 128 deviates from an
expected operating range of the environmental parameter. If
an environmental parameter within a particular zone 128
deviates from the expected operating range of the environ-
mental parameter 1n that particular zone 128, the HVAC
system 138 may be experiencing a fault condition or an
abnormality 1n operation, such as a clogged duct or an
ioperative damper. Accordingly, 1t may be beneficial to
notily the user of the fault condition to enable the user to
investigate the fault condition. For clarity, it should be
understood that the target set point of a particular environ-
mental parameter 1s nested within the target operating range
of that environmental parameter, and the target operating
range ol the environmental parameter 1s nested within the
expected operating range of the environmental parameter.

In some embodiments, 1t may be desirable to selectively
adjust the expected operating ranges for environmental
parameters of each of the zones 128 to mitigate generation
of alerts or fault conditions that may be nadvertent, unde-
sirable, and/or unfounded. For example, 1n the illustrated
embodiment, the first zone 120 includes a door 152 that may
enable an occupant of the building 10 to enter and exit the
first zone 120. When the door 152 1s opened, unconditioned
outdoor air may enter the first zone 120 from an ambient
environment surrounding the building 10 and/or conditioned
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air may discharge from the first zone 120 into the ambient
environment. As a result, certain environmental parameters
within the first zone 120 may temporarily deviate from their
corresponding target operating ranges by a considerable
amount until the HVAC system 138 1s able to re-condition
the first zone 120 1n accordance with the techniques dis-
cussed above. Accordingly, to mitigate the generation of
baseless and/or untounded alerts indicating a fault condition
of the HVAC system 138 upon temporary opening of the
door 152, 1t may be desirable to set relatively large expected
operating ranges for the environmental parameters of the
first zone 120. Accordingly, environmental parameters in the
first zone 120 may fluctuate more significantly, as compared
to environmental parameters 1n the remaining zones 128,
before an alert 1s generated by the alert system 118. Indeed,

the expected operating ranges for environmental parameters
of the second, third, and fourth zones 122, 124, 126, which

do not include the door 152, may be set to ranges that are
relatively small, as the environmental parameters within
these zones may be expected to remain relativity more
constant during operation of the HVAC system 138.

With the foregoing 1n mind, FIG. 7 1s flow diagram of an
embodiment of a process 180 that may be used to designate
customized expected operating ranges for environmental
parameters of each of the zones 128. It should be appreciated
that one or more of the steps discussed below may be
performed during installation or initial set-up of the control
system 102 and/or the HVAC system 138. FIG. 7 will be
referred to concurrently with FIGS. 1-6 throughout the
following discussion.

In the illustrated embodiment, the process 180 begins
with selecting a zone profile for one of the zones 128
included 1n the building 10, as indicated by step 182. For
example, 1n some embodiments, each of the zones 128 may
be associated with a corresponding zone profile that stores
information related to the zone 128. As discussed below,
such information may include a target temperature set point
for a particular zone 128 and/or a target humidity set point
for the zone 128. In some embodiments, the user may use the
GUI of the display device 106 to select a zone profile
associated with one of the zones 128, such as a zone profile
associated with the first zone 120. That 1s, the GUI, via a
touchscreen or another suitable mnput device of the display
device 106, may enable the user to navigate a menu that
enables the user to select the zone profile associated with the
first zone 120 or to select a zone profile associated with
another zone 128, such as a respective zone profile of the
second, third, and fourth zones 122, 124, 126. For concise-
ness, the zone profile associated with the first zone 120 wall
be referred to herein as a “first zone profile.”

The process 180 includes selecting and inputting a target
set point for environmental parameters of the zones 128, as
indicated by step 184. For example, upon receiving feedback
indicative of selection of the first zone profile at step 182, the
GUI may prompt the user to specily a target temperature set
point and/or a target humidity set point for the first zone 120.
Additionally or alternatively, the user may input target set
points for a variety of other environmental parameters of the
first zone 120, such as an air quality set point of the first zone
120. The user may also use the GUI to specily target set
points for environmental parameters of the second zone 122,
the third zone 124, and the fourth zone 126. Accordingly, the
GUI may recerve inputs indicative of desired target set
points for various environmental parameters of the zones
128. In some embodiments, the zone controller 104 may
store the desired target set points for the environmental
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parameters of each of the zones 128 1n the corresponding
zone profiles of the zones 128.

The process 180 includes selecting and inputting expected
operating ranges for the environmental parameters of the
zones 128, as mdicated by step 186. For example, the GUI
may prompt the user to specily an expected operating range
for a temperature and/or a humidity level of the first zone
120 as the user navigates the first zone profile associated
with the first zone 120. Indeed, the user may use the GUI to
specily expected operating ranges for each of the environ-
mental parameters that may be momtored within the first
zone 120, the second zone 122, the third zone 124, and the
fourth zone 126. Accordingly, the GUI may receive inputs
indicative of expected operating ranges for various environ-
mental parameters of the zones 128, which may be commu-
nicated to the zone controller 104. In some embodiments,
the zone controller 104 may store the expected operating
ranges for the environmental parameters of the zones 128 in
the corresponding zone profiles of the zones 128. As dis-
cussed below, the expected operating range for a particular
environmental parameter may define threshold boundaries
of the environmental parameter that, when exceeded within
a zone 128, prompt the alert system 118 to provide an alert
to the user.

FIG. 8 15 a flow diagram of an embodiment of a process
188 that may be used to monitor environmental parameters
within each of the zones 128 using the control system 102.
FIG. 8 will be referred to concurrently with FIGS. 1-7
throughout the following discussion. It should be noted that
the steps of the process 188 discussed below may be
performed 1n any suitable order and are not limited to the
order shown 1n the illustrated embodiment of FIG. 8. More-
over, 1t should be noted that additional steps of the process
188 may be performed, and certain steps of the process 188
may be omitted. In some embodiments, some or all of the
steps of the process 188 may be executed on the micropro-
cessor 86, the processor 112, and/or on any other suitable
processor of the HVAC system 138. Some or all of the
process 188 may be stored on, for example, the memory 88,
the memory device 114, and/or on any other suitable
memory of the HVAC system 138.

As shown 1n the 1llustrated embodiment, the process 188
includes acquiring feedback indicative of environmental
parameters within the zones 128, as indicated by step 189.
For example, the control devices 108 may provide the zone
controller 104 with feedback indicative of temperature,
humidity, air quality, and/or or other environmental param-
cters within the zones 128. The process 188 includes deter-
mimng whether a monitored environmental parameter
within a zone 128, such as the first zone 120, 1s within the
target operating range of the environmental parameter, as
indicated by step 190. As an example, at step 184 discussed
above, a user may set a target temperature set point of the
first zone 120 to 75 degrees Fahrenheit. The target operating
range for the temperature of the first zone 120 may therefore
encompass temperature values that are within a threshold
range of the target temperature set point of the first zone 120,
such as within one degree Fahrenheit above and within one
degree Fahrenheit below the target temperature set point.
Accordingly, 1n the present example, the target operating
range for the temperature of the first zone 120 1s between 74
degrees Fahrenheit and 76 degrees Fahrenheit.

In some embodiments, the user may, via the GUI, specily
a lower threshold of the target operating range of an envi-
ronmental parameter of a zone 128, and may specily an
upper threshold of the target operating range of the envi-
ronmental parameter of the zone 128. In other embodiments,
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the zone controller 104 may automatically determine the
target operating range of an environmental parameter of a
zone 128 based on the user-selected target set point of the
environmental parameter. For example, the zone controller
104 may set the target operating range of a particular
environmental parameter as a range that includes a prede-
termined threshold of values above and below the user-
selected target set point of the environmental parameter.

Returning now to the aforementioned example, upon
determining, at step 190, that the temperature of the first
zone 120 1s within the corresponding target operating range,
the zone controller 104 may suspend supply of conditioned
air to the first zone 120, as indicated by step 191, or, 1if the
HVAC system 138 was previously non-operational, may
continue to leave the HVAC system 138 in a deactivated
state. The zone controller 104 may receive feedback indica-
tive of the temperature within the first zone 120 from the first
control device 130 or from another suitable temperature
sensor positioned within the first zone 120. If the zone
controller 104 determines, at step 190, that the temperature
of the first zone 120 i1s not within the corresponding target
operating range, the zone controller 104 may determine
whether the temperature of the first zone 120 1s within an
expected operating range of the temperature, as indicated by
step 192. If the zone controller 104 determines that the
temperature of the first zone 120 1s within the corresponding
expected operating range, the zone controller 104 may
operate the HVAC system 138 to supply conditioned air to
the first zone 120, as indicated by step 194. For example, the
zone controller 104 may transition the first damper set 140
toward an open position to initiate a flow of conditioned air
into the first zone 120 or to increase a flow rate of condi-
tioned air 1nto the first zone 120. If the zone controller 104
determines that the temperature of the first zone 120 1s not
within the corresponding expected operating range, the zone
controller 104 may instruct the alert system 118 to generate
an alert and to provide the alert to the user, as indicted by
step 196.

For example, the alert system 118 may be configured to
instruct the display device 106 to display an error message
upon receiving feedback from the zone controller 104 indi-
cating that the temperature of the first zone 120 deviates
from a corresponding expected operating range. Accord-
ingly, the user may inspect the HVAC system 138 to
determine whether a fault condition or an abnormality 1n
operation may be present. Additionally or alternatively, the
alert may be provided as an audible alert and/or a visual alert
that 1s generated and/or displayed by the control devices 108
and/or the zone controller 104. In certain embodiments, the
alert system 118 may send signals to instruct a cellular phone
or other mobile device of the user to provide such an audible
alert and/or visual alert to the user. Moreover, 1n some
embodiments, the alert system 118 may push an alert to a
service provider and/or to a maintenance technician of the
HVAC system 138 upon determining that the temperature of
the first zone 120 deviates from the corresponding expected
operating range.

It should be understood that the zone controller 104 may
execute steps 189, 190, 191, 192, 194, and 196 for each of
the zones 128 of the building 10 to monitor various envi-
ronmental parameters within the zones 128. That 1s, the zone
controller 104 may execute steps 189, 190, 191, 192, 194,
and 196 to monitor temperature, humidity, air quality, and/or
other suitable environmental parameters within each of the
zones 128, and to generate an alert, via the alert system 118,
i a particular environmental parameter deviates from a
corresponding expected operating range of that environmen-
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tal parameter. The zone controller 104 may continuously
execute steps 189, 190, 191, 192, 194, and 196 and/or may

iteratively execute steps 189, 190, 191, 192, 194, and 196
alter lapse of a predetermined time interval.

As noted above, the expected operating ranges for par-
ticular environmental parameter may be customized for each
of the zones 128 based on an expected variance of the
environmental parameters within the zones 128. For
example, as discussed above, the first zone 120 may 1nclude
the door 152 that enables occupants to walk between the first
zone 120 and an ambient environment surrounding the
building 10. In some embodiments, the second zone 122
may not include the door 152. Accordingly, an expected
variance ol environmental parameters, such as temperature,
within the second zone 122 may be less than an expected
variance ol environmental parameters within the first zone
120. Indeed, each time occupants open the door 152 to enter
or exit the first zone 120, a flow of unconditioned outside air
may enter the first zone 120 from the ambient environment
and cause a temperature, a humidity, and/or an air quality
within the first zone 120 to deviate from corresponding
target operating ranges of these environmental parameters.
Accordingly, by enabling expected operating ranges of envi-
ronmental parameters of the first zone 120 to be greater than
expected operating ranges of environmental parameters of
the second zone 122, the control system 102 may ensure that
11l-founded alerts are not pushed to the user via the alert
system 118 each time an occupant opens the door 152.
Conversely, by enabling expected operating ranges of envi-
ronmental parameters within the second zone 122 to be less
than expected operating ranges of environmental parameters
of the first zone 120, the control system 102 may promptly
push an alert to the user i1f environmental parameters within
the second zone 122 deviate from their corresponding
expected operating ranges, which may indicate an abnor-
mality 1n operation of the HVAC system 138.

FIG. 9 1s an illustration of an embodiment of a graphical
user interface (GUI) 200 that may be displayed on the
display device 106 to enable a user to populate the zoning
profiles of the zones 128 1n accordance with the steps of the
process 180 discussed above. As shown in the illustrate
embodiment, the GUI 200 may include a zone selection
menu 202 that enables the user to select a zone profile
associated with a particular zone 128 of the building 10. For
example, the user may select a first zone profile 204 asso-
ciated with the first zone 120, a second zone profile 206
assoclated with the second zone 122, and so forth.

FIG. 10 1s an illustration of an embodiment of a screen
210 that may be included 1n the GUI 200 and that may be
displayed to the user upon selection of a particular zone
profile from the zone selection menu 202. The screen 210
may enable the user to input a lower threshold value 212 and
an upper threshold value 214 for an expected operating
range of a particular environmental parameter. As an
example, the screen 210 may enable the user to select a
lower threshold temperature value and an upper threshold
temperature value for the expected operating range of the
temperature within the first zone 120. It should be under-
stood that the screen 210, or another user-selectable screen
of the GUI 200, may enable the user to iput a lower
threshold value and an upper threshold value of expected
operating ranges for various other environmental parameters
of the zones 128, such humidity and/or air quality.

FIG. 11 1s an 1illustration of another embodiment of the
screen 210. In particular, FIG. 11 1s an 1llustration of a screen
222 that includes a shider 224 to enable the user to input a
lower threshold value and an upper threshold value for an
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expected operating range ol a particular environmental
parameter. For example, the slider 224 includes a lower node
226 and an upper node 228 that enables the user to adjust a
lower threshold value and an upper threshold value, respec-
tively, of an expected operating for an environmental param-
eter of one of the zones 128.

As set forth above, embodiments of the present disclosure
may provide one or more technical effects useful for
enabling designation of expected operating ranges for envi-
ronmental parameters within various zones 128 of the build-
ing 10. As such, the control system 102 may enable envi-
ronmental parameters within certain zones 128 to fluctuate
within particular expected operating ranges without induc-
ing indication of a fault condition by the alert system 118,
which may enable more efliciency operation of the HVAC
system 138. The technical eflects and technical problems 1n
the specification are examples and are not limiting. It should
be noted that the embodiments described 1n the specification
may have other technical effects and can solve other tech-
nical problems.

While only certain features and embodiments of the
present disclosure have been illustrated and described, many
modifications and changes may occur to those skilled 1n the
art, such as wvariations 1n sizes, dimensions, structures,
shapes and proportions of the various elements, values of
parameters, such as temperatures and pressures, mounting,
arrangements, use of materials, colors, orientations, and so
torth, without matenially departing from the novel teachings
and advantages of the subject matter recited in the claims.
The order or sequence of any process or method steps may
be varied or re-sequenced according to alternative embodi-
ments. It 1s, therefore, to be understood that the appended
claims are intended to cover all such modifications and
changes as fall within the true spirit of the present disclo-
sure. Furthermore, in an effort to provide a concise descrip-
tion of the exemplary embodiments, all features of an actual
implementation may not have been described, such as those
unrelated to the presently contemplated best mode of car-
rying out the present disclosure, or those unrelated to
ecnabling the claimed embodiments. It should be appreciated
that 1n the development of any such actual implementation,
as 1n any engineering or design project, numerous imple-
mentation specific decisions may be made. Such a develop-
ment effort might be complex and time consuming, but
would nevertheless be a routine undertaking of design,
fabrication, and manufacture for those of ordinary skill
having the benefit of this disclosure, without undue experi-
mentation.

The mvention claimed 1s:

1. A control system for a heating, ventilation, and/or air
conditioning (HVAC) system, comprising:

a user 1terface configured to receive a first input indica-
tive of a first expected operating range of a first
parameter 1 a first zone and configured to receive a
second 1nput indicative of a second expected operating,
range of a second parameter 1n a second zone, wherein
the first expected operating range 1s based on a first
expected variance of the first parameter 1n the first zone
and the second expected operating range 1s based on a
second expected variance of the second parameter 1n
the second zone, wherein a first set point for the first
parameter 1s nested within a {irst target operating range
for the first parameter, the first target operating range 1s
automatically determined based on the first set point
and 1s nested within the first expected operating range,
a second set point for the second parameter 1s nested
within a second target operating range for the second
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parameter, and the second target operating range 1is

automatically determined based on the second set point

and 1s nested within the second expected operating

range; and

a controller configured to receive the first input and the

second 1nput via the user interface and to:

control operation of the HVAC system to condition the
first zone 1n response to a detected value of the first
parameter being outside of the first target operating
range indicating an existing call for conditioning of
the first zone; and

control an alert system of the HVAC system to provide
an alert 1n response to the detected value of the first
parameter being outside of the first expected oper-

ating range indicating an abnormality 1n operation of
the HVAC system.

2. The control system of claim 1, wherein the first
parameter 1s a temperature of the first zone and the second
parameter 1s a temperature of the second zone.

3. The control system of claim 1, wherein the first
parameter 1s a humidity of the first zone and the second
parameter 1s a humidity of the second zone.

4. The control system of claim 1, wherein the controller
1s configured to receive feedback indicative of the detected
value of the first parameter from a sensor of the HVAC
system.

5. The control system of claim 1, wherein the controller
1s configured to receive the first set point for the first
parameter of the first zone in response to a third input
received at the user interface.

6. The control system of claim 1, wherein the controller
1s configured to control operation of the HVAC system to
suspend supply of conditioned air to the first zone 1n
response to the detected value of the first parameter being,
within the first target operating range.

7. The control system of claim 6, wherein the first
parameter 1s a temperature of the first zone.

8. The control system of claim 1, wherein the detected
value 1s a first detected value, the alert 1s a first alert, and the
controller 1s configured to:

control operation of the HVAC system to condition the

second zone 1n response to a second detected value of
the second parameter being outside of the second target
operating range indicating an additional existing call
for conditioming of the second zone; and

control the alert system to provide a second alert in

response to the second detected value of the second
parameter being outside of the second expected oper-
ating range indicating the abnormality in operation of
the HVAC system.

9. The control system of claim 8, wherein the user
interface 1s configured receive a third mput indicative of a
third expected operating range of a third parameter in the
first zone and to receive a fourth input indicative of a fourth
expected operating range of a fourth parameter in the second
zone.

10. The control system of claim 9, wherein the controller
1s configured to:

receive the third mput and the fourth input via the user

interface; and

control the alert system to provide a third alert 1n response

to a third detected value of the third parameter being
outside of the third expected operating range and to
provide a fourth alert 1n response to a fourth detected
value of the fourth parameter being outside of the
fourth expected operating range.
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11. The control system of claim 10, wherein the first
parameter 1s a humidity of the first zone, the second param-
cter 15 a humidity of the second zone, the third parameter 1s
a temperature of the first zone, and the fourth parameter 1s
a temperature of the second zone.

12. A heating, ventilation, and/or air conditioning
(HVAC) system, comprising:

a controller configured to:

receive a first mput indicative of a set point for an
environmental parameter of a zone of a plurality of
ZONES;

receive a second 1nput indicative of an expected oper-
ating range for the environmental parameter of the
zone, wherein the expected operating range 1s based
on an expected variance of the environmental param-
eter of the zone;

control operation of the HVAC system to condition the
zone upon recerwving feedback indicating that a
detected value of the environmental parameter devi-
ates from a target operating range of the environ-
mental parameter and indicates an existing call for
conditioning of the zone, wherein the set point 1s
nested within the target operating range, the target
operating range 1s automatically determined by the
controller based on the set point, and the target
operating range 1s nested within the expected oper-
ating range; and

control an alert system of the HVAC system to provide
an alert 1 response to the detected value of the
environmental parameter being outside of the
expected operating range indicating an abnormality
in operation of the HVAC system.

13. The HVAC system of claim 12, wherein the controller
1s configured to receive the first imnput and the second 1nput
via a user interface of the HVAC system, wherein the user
interface 1s communicatively coupled to the controller.

14. The HVAC system of claim 12, wherein the controller
1s configured to receive the feedback from a control device
positioned 1n the zone and configured to detect the environ-
mental parameter of the zone.

15. The HVAC system of claim 14, wherein the environ-
mental parameter 1s a temperature within the zone, a humid-
ity within the zone, or an air quality within the zone.

16. The HVAC system of claim 12, wherein the alert
system 1s configured to push the alert to a portable device of
a user.

17. The HVAC system of claim 12, wherein the alert
system 1s configured to push the alert to a service provider
of the HVAC system.

18. The HVAC system of claim 12, wherein the controller
1s Turther configured to:

recerve a third input indicative of an additional set point

for an additional environmental parameter of an addi-
tional zone of the plurality of zones;

receive a fourth mput indicative of an additional expected

operating range for the additional environmental
parameter ol the additional zone, wherein the addi-
tional expected operating range i1s based on an addi-
tional expected variance of the additional environmen-
tal parameter of the additional zone; and

control the alert system to provide an additional alert 1n

response to an additional detected value of the addi-
tional environmental parameter being outside of the
additional expected operating range of the additional
environmental parameter, whereimn the additional
expected operating range of the additional environmen-




US 11,506,410 B2

21

tal parameter of the additional zone 1s diflerent than the
expected operating range of the environmental param-
cter of the zone.

19. A control system for a zoned heating, ventilation,
and/or air conditiomng (HVAC) system including a plurality
ol zones, comprising:

a controller configured to:

receive a first input indicative of a first expected
operating range for a first environmental parameter
of a first zone of the plurality of zones, wherein the
first expected operating range 1s based on a first
expected variance of the first environmental param-
cter of the first zone, wherein a {irst set point for the
first environmental parameter 1s nested within a first
target operating range for the first environmental
parameter, and the first target operating range 1s
determined based on the first set point and 1s nested
within the first expected operating range;

receive a second mput indicative of a second expected
operating range for a second environmental param-
cter ol a second zone of the plurality of zones,
wherein the second expected operating range 1is
based on a second expected variance of the second
environmental parameter of the second zone,
wherein a second set point for the second environ-
mental parameter 1s nested within a second target
operating range for the second environmental param-
cter, and the second target operating range 1s deter-
mined based on the second set point and 1s nested
within the second expected operating range;

control operation of the zoned HVAC system to con-
dition the first zone and the second zone based on the
first set point and the second set point, respectively;
and

control operation of an alert system of the zoned HVAC
system to provide a first alert i response to a first
detected value of the first environmental parameter
being outside of the first expected operating range
indicating an abnormality in operation of the zoned

HVAC system and to provide a second alert in
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response to a second detected value of the second
environmental parameter being outside of the second
expected operating range indicating the abnormality
in operation of the zoned HVAC system.

20. The control system of claim 19, wherein the controller
1s configured to automatically determine the {first target
operating range for the first environmental parameter of the
first zone based on the first set point and to automatically
determine the second target operating range for the second
environmental parameter of the second zone based on the
second set point.

21. The control system of claim 20, wherein the controller
1s configured to regulate, via a first damper, supply of
conditioned air to the first zone based on comparison of the
first detected value of the first environmental parameter to
the first target operating range and to regulate, via a second
damper, supply of conditioned air to the second zone based
on comparison of the second detected value of the second
environmental parameter to the second target operating
range.

22. The control system of claim 19, comprising a user
interface communicatively coupled to the controller,
wherein the user interface 1s configured to enable a user to
input a first lower threshold value and a first upper threshold
value of the first expected operating range and to mput a
second lower threshold value and a second upper threshold
value of the second expected operating range.

23. The control system of claim 22, wherein the first lower
threshold value 1s different than the second lower threshold
value, the first upper threshold value 1s different than the
second upper threshold value, or both.

24. The control system of claim 19, wherein the controller
1s configured to receive feedback indicative of the first
detected value of the first environmental parameter from a
first control device positioned 1n the first zone and to receive
additional feedback indicative of the second detected value
of the second environmental parameter from a second con-
trol device positioned within the second zone.
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